The taxonomic status of subspecies of Hipposideros pomona (Mammalia: Chiroptera: Hipposideridae) in China is controversial and uncertain. To explore the differences and subspecies differentiation in H. pomona from different regions of China, we conducted a series of bat surveys from 2011 to 2014. We performed multivariate morphometric analyses using 16 external and 21 skull measurements based on 100 samples and compared DNA sequence divergence. The results revealed distinct differences in both the external and skull measurements of H. pomona. The Cytb and COΙ sequence divergences of H. pomona from 3 regions ranged from 6.0% to 8.5% and 5.2% to 8.0%, respectively, which reached the levels required for subspecies classification. In contrast, the RAG1 gene was not considered to be a good molecular marker for identifying subspecies because the sequence divergence was 0-0.7% within a region and 0-0.8% among regions. Both the morphological and molecular results of this study supported the conclusion that H. pomona from the Min-Guang coastal (SM), South Yunnan (SY), and Hainan Island (SH) subregions in South China belonged to different subspecies. The SM population represents H. p. sinesis, and the SH population may be a unique subspecies. Whether the SY population belongs to H. p. gentilis requires further study. Hipposideros pomona (Chiroptera: Hipposideridae) is a problematic and confusing species. The holotype stored in The Natural History Museum, London, only consists of a damaged skull. The body is preserved in alcohol in the Zoological Survey of India, Calcutta, according to D. A. Schlitter (Hill et al. 1986 ); this view was conditionally supported by Corbet and Hill (1992) . Andersen (1918) briefly reviewed the H. bicolor group; however, he was confused about the taxon bicolor. In his study, he also named H. pomona from southern India and H. gentilis from Myanmar in the H. bicolor group. Then, he named and referred 3 new taxa (sinensis, atrox, and major) to H. gentilis as subspecies. However, this view was not accepted by Hill (1963) . Hill et al. (1986) considered that H. bicolor actually comprised 2 species (H. bicolor and H. pomona); therefore, he treated the taxa gentilis and sinensis as subspecies of H. pomona. This view was accepted by Yenbutra and Felten (1986) , Zubaid and Davison (1987) , Corbet and Hill (1992) , and Simmons (2005) .
Hipposideros pomona (Chiroptera: Hipposideridae) is a problematic and confusing species. The holotype stored in The Natural History Museum, London, only consists of a damaged skull. The body is preserved in alcohol in the Zoological Survey of India, Calcutta, according to D. A. Schlitter (Hill et al. 1986 ); this view was conditionally supported by Corbet and Hill (1992) . Andersen (1918) briefly reviewed the H. bicolor group; however, he was confused about the taxon bicolor. In his study, he also named H. pomona from southern India and H. gentilis from Myanmar in the H. bicolor group. Then, he named and referred 3 new taxa (sinensis, atrox, and major) to H. gentilis as subspecies. However, this view was not accepted by Hill (1963) . Hill et al. (1986) considered that H. bicolor actually comprised 2 species (H. bicolor and H. pomona); therefore, he treated the taxa gentilis and sinensis as subspecies of H. pomona. This view was accepted by Yenbutra and Felten (1986) , Zubaid and Davison (1987) , Corbet and Hill (1992) , and Simmons (2005) .
In the Oriental Region, H. pomona has a wide geographic distribution that includes India, Nepal, Bangladesh to Myanmar, Southern China, Thailand, Lao PDR, Vietnam, Cambodia, and Western Malaysia (Bates and Harrison 1997; Simmons 2005) . In mainland China, it is widely distributed in 9 provinces in South China (Wang 2003; Yang et al. 2012 ). Douangboubpha et al. (2010) referred all specimens from Thailand to H. p. gentilis. All specimens from southern India were referred to H. p. pomona, while specimens from northern India and northern Myanmar were referred to H. p. gentilis (Bates and Harrison 1997) . Unfortunately, much of the early literature regarded H. pomona collected from China as H. bicolor (e.g., Xu et al. 1983; Wang 2003) . Wang and Hu (1999) considered these specimens to be H. pomona based on ear length (19-23.6 mm), which ranged from 15.5 to 19.5 mm in H. bicolor. Most researchers have followed the current opinion (e.g., Sheng 2005; Simmons 2005; Yan et al. 2006; Wilson 2008) . Sun et al. (2009) investigated cryptic diversity among H. pomona using sequences of the mitochondrial cytochrome b gene (Cytb) and showed that the intraspecific divergence among H. pomona from Guangxi, Guangdong, and Yunnan Provinces ranged from 0% to 0.18%; however, the divergences averaged 7.62% and 7.92% between the H. pomona sequences in this study and the H. pomona sequences in GenBank (sampled from Yunnan and the Lao PDR).
South China is characterized by numerous high mountains, deep valleys, large rivers, and environmental heterogeneity and harbors many bat species (Li and Fang 1999) . The distribution area of H. pomona in China is approximately 2,100 km in an east-west direction and 1,500 km in a south-north direction (Smith and Xie 2009) . It is difficult to obtain external and molecular data from multiple sites over such a large range. Based on paleozoology as well as natural and geographic conditions, the Oriental Region in China is partitioned into 9 geographical subregions (Zhang et al. 1997) . Six of these subregions comprise the primary range of H. pomona in China, 3 of which are included in this study. Within the 3 regions, the Qiongzhou Strait, with a minimum gap of 19 km of open sea separating Hainan Island from mainland China, is a major geographic barrier (Zhao et al. 2007 ). Geographic barriers may pose a natural barrier to the gene flow of H. pomona.
To date, no nationwide comparison is available for the external and molecular sequences of H. pomona. To clarify the differences between H. pomona in different areas, we conducted a series of bat surveys in 4 provinces of China from 2011 to 2014. We surveyed 23 bat-inhabiting roosts, of which 6 roosts were inhabited by H. pomona. In this study, we examined the taxonomic status of H. pomona in detail using a combined analysis of external and cranial characteristics and molecular sequences.
Materials and Methods
Sample collection.-Surveys were performed in South China from 2011 to 2014. H. pomona specimens were observed in 6 roosts in 3 geographical subregions of South China (Fig.  1) . Nanjing County, Fujian Province and Jiaoling County, Guangdong Province belong to the Min-Guang coastal subregion (SM); Zhenkang, Longyang, and Yongping counties from Yunnan Province belong to the South Yunnan subregion (SY);
and Tunchang County, Hainan Province belongs to the Hainan Island subregion (SH; Table 1 ).
In this study, 100 H. pomona specimens were captured in the field. All of the samples were adult bats. Sixteen external variables were measured for all specimens. A 3-mm wing membrane biopsy punch was taken and preserved in a 95% alcohol solution for subsequent extraction of genomic DNA (Worthington and Barratt 1996) .
Thirty of the 100 bats were brought back to the laboratory for cranial samples, and the rest of the captured bats were released immediately after taking samples and measurements. All fieldwork was conducted in accordance with the Law of the People's Republic of China on the Protection of Wildlife. All experiments on living bats followed the American Society of Mammalogists guidelines (Sikes et al. 2011) .
External and skull measurements.-Digital calipers (accuracy ± 0.01 mm) were used to measure 16 external and 21 skull variables (Bates and Harrison 1997) . The following external measurements were included: HB, head and body length-from the tip of the snout to the anus, ventrally; TL, tail length-from the tip of the tail to its base adjacent to the anus; EL, ear length-from the lower border of the external auditory meatus to the tip of the pinna; FA, forearm lengthfrom the extremity of the elbow to the extremity of the carpus with the wings folded; TIB, tibia length-from the knee joint to the ankle; HF, hind foot length-from the extremity of the heel behind the os calcis to the extremity of the longest digit, not including the hairs or claws; CL, claw length-from the extremity of the longest digit to the tip of the claw; 3MT, 4MT, and 5MT-lengths of the 3rd, 4th, and 5th metacarpals, respectively (from the extremity of the carpus to the distal extremity of the metacarpals); and 3D1P & 3D2P, 4D1P & 4D2P, and 5D1P & 5D2P-lengths of the 1st and 2nd phalanges of the 3rd, 4th, and 5th metacarpals, respectively (from the proximal to the distal extremity of the phalanges). Skull measurements included the following: GSL, greatest skull length-the greatest anteroposterior diameter of the skull, from the most projecting point at each extremity regardless of which structure formed these points; CBL, condylo-basal length-from the exoccipital condyle to the alveolus of the anterior incisor; CH, cranial height-the distance between the superior border of the braincase and the inferior orbital rim of auditory bulla; NSH, nasal swelling height-the distance between the base of the upper 2nd premolar to the superior border of the nasal swelling; RW, rostral camber width-greatest width across the rostral camber; NW, nares width-width of the nostrils from the outer edge; BW, braincase width-width of the braincase at the posterior roots of the zygomatic arches; IOW, interorbital width-the least distance across the eye sockets; ZW, zygomatic width-the greatest width of the skull across the zygomata; ABL, length of the auditory bulla-the maximum diameter of a single auditory bulla; ABG, greatest width of the auditory bullas-the maximal distance across auditory bullae; CCL, condylo-canine length-from the exoccipital condyle to the anterior alveolus of the canine; C 1 -M 3 , upper toothrow length-from the front of the upper canine to the posterior of the upper 3rd molar; C 1 -C 1 , upper C 1 -C 1 (outer)-upper canine to the opposite canine across the outer basal face; C 1 -M 3 , lower toothrow length-from the front of the lower canine to the posterior margin of the lower 3rd molar; ML, mandible length-from the posteriormost part of the condyle to the anteriormost part of the mandible, not including the lower incisors; OCG, greatest width of the occipital condyles-greatest distance across the occipital condyles; ONL, occipitonasal length-from the front of the nasal to the posterior margin of the exoccipital condyle; PL, palatal length-from the alveolus of the anterior incisor to the posterior margin of the palate bone; BSL, basion-staphylion length-from staphylion to the basion of the foramen magnum; and MAW, width of the mandibular arthrosis-from the tip of the coronoid process to the gonion laterale of the mandible.
DNA extraction and sequencing.-The genomic DNA of each individual was extracted using a UNIQ-10 Column Animal Genomic DNA Isolation Kit (Sangon, China). The Cytb genes of 18 H. pomona were amplified using the primers L14724 (5′-CGAAGCTTGATATGAAAAACCATCGTTG-3′) and H15915 (5′-AACTGCAGTCATCTCCGGTTTACAAGAC-3′; Irwin et al. 1991) . The cytochrome oxidase I (COΙ) genes of 18 H. pomona were amplified using the forward primers (5′-TTCTCAACCAACCACAAAGACATTGG-3′) and reverse primers (5′-TAGACTTCTGGGTGGCCAAAGAATCA-3′) from Francis et al. (2010) . The nuclear recombination activating gene 1 (RAG1) was amplified with the primers F1705 (5′-GCTTTGATGGACATGGAAGAAGACAT-3′) and R2864 (5′-GAGCCATCCCTCTCAATAATTTCAGG-3′) from Teeling et al. (2000) . Polymerase chain reactions (PCRs) were performed in volumes of 25 µl. Cycling parameters for the Cytb gene were as follows: 94°C for 5 min; 94°C for 45 s, 44°C for 45 s, and 72°C for 90 s for 35 cycles; and a final extension at 72°C for 10 min. Similar cycling parameters were used to amplify the COΙ gene, except that 55°C was used as the annealing temperature instead of 44°C. RAG1 gene strand amplification started with an initial denaturation at 95°C (9 min), followed by strand denaturation at 94°C (30 s), annealing at 59-48°C (45 s), and primer extension at 72°C (1 min) repeated for 35 cycles and a final extension at 72°C for 7 min. The touchdown PCR protocol was used, wherein the 1st cycle had an annealing temperature of 59°C and each successive cycle had an annealing temperature 1° lower than the previous until the annealing temperature attained and remained at 48°C. All of the PCR products were purified using an EZ-10 Spin Column DNA Gel Extraction kit and sequenced at Life Technologies, China. A total of 86 sequences, including 75 H. pomona sequences (EU434950, DQ054810, JX912954, HM540542, HM540544, HM540549-HM540605, JF443932-JF443936, JF443937-JF443940, and JN714732-JN714735), 2 H. bicolor sequences (DQ054808 and HM540382), 2 H. cineraceus sequences (DQ054809 and JQ365632), 2 H. khaoknouayensis sequences (DQ054816 and JQ599813), 2 H. rotalis sequences (DQ054814 and HM540620), and 3 H. ridleyi sequences Tables 2 and 3 . Discriminant function analysis was used to assess the intraspecific morphometric differences among the 3 geographical populations of H. pomona. The stepwise discriminant function procedure was applied to all dimensions using Wilks' lambda minimization procedure to determine which variable provided the best discrimination. In this study, Wilks' lambda was performed in the multivariate setting with a combination of dependent variables. The criterion for the method chosen was the F value, with F-to-enter = 3.84 and F-toremove = 2.71. Eigenvalues, canonical correlations, Wilks' lambda, and unstandardized coefficients were computed. The group to which 1 specimen belonged was determined according to the Mahalanobis distance. The specimen was included in the group when the distance between the sites of the specimen and the group's centroids was the closest. Then, the discriminant accuracy was calculated. Original and cross validation were used to test the stability of discriminant functions. Principal component analysis (PCA) was used to combine information from all measurements of H. pomona into a single variable. PCA was performed using a correlation matrix; all measurements were standardized prior to the analysis.
Sequence and phylogenetic analyses.-Cytb, COΙ, and RAG1 sequences from bidirectional DNA sequencing were assembled using the DNASTAR multiple program package (DNASTAR Inc., Wisconsin, USA). Sequences were aligned using ClustalX 1.81 (Thompson et al. 1997 ) and then carefully examined and manually edited. The numbers of haplotypes and polymorphic sites were estimated using DnaSP v5 (Librado and Rozas 2009) . Uncorrected sequence differences were calculated in MEGA 5.0 (Tamura et al. 2011) . Phylogenetic reconstructions were performed with the maximum likelihood (ML) method and Bayesian analysis (BI) implemented in PAUP 4.0*b10 (Swofford 2002) and MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001) , respectively, based on the Cytb and COΙ sequences. Modeltest version 3.7 (Posada and Crandall 1998) was used to estimate the best-fit evolutionary model of nucleotide substitution for the 2 mitochondrial genes. The ML analysis used a heuristic search based on the corrected Akaike information criterion (AIC). The TVM+G models were selected by AIC in Modeltest 3.7 for both the Cytb and COΙ sequences for fitting to the concatenated data sets for gene sequences of Cytb (base frequencies: A = 0.2820, C = 0.3491, G = 0.1305, and T = 0.2384; rate matrix: A-C = 539467.4375, A-G = 9477991.0000, A-T = 156910.4219, C-G = 293068.9062, C-T = 9477991.0000, and G-T = 1.0000) and COΙ (base frequencies: A = 0.2563, C = 0.3137, G = 0.1717, and T = 0.2583; rate matrix: A-C = 0.2891, A-G = 9.9444, A-T = 0.3730, C-G = 0.0697, C-T = 9.9444, and G-T = 1.0000). The tree topology was evaluated using 1,000 replicates for ML analysis.
results
Comprehensive comparisons and analyses showed that no clear difference was present in the morphology measurements between the male and female individuals. Therefore, we did not evaluate sexual dimorphism and incorporated both the male and female data. The specimens from the same subregion were very similar in terms of both morphology and molecular sequences. Therefore, we divided the population of H. pomona from the 6 Table 2 .-External measurements of Hipposideros pomona (mean ± SD, length in mm). HB: head and body length; TL: tail length; EL: ear length; FA: forearm length; TIB: tibia length; HF: length of hind foot; CL: claw length; 3MT: length of 3rd metacarpal; 3D1P: length of 1st phalanx of 3rd digit; 3D2P: length of 2nd phalanx of 3rd digit; 4MT: length of 4th metacarpal; 4D1P: length of 1st phalanx of 4th digit; 4D2P: length of 2nd phalanx of 4th digit; 5MT: length of 5th metacarpal; 5D1P: length of 1st phalanx of 5th digit; 5D2P: length of 2nd phalanx of 5th digit; SM: Min-Guang coastal subregion; SY: South Yunnan subregion; SH: Hainan Island subregion. External measurements.-Discriminant analysis of external variables showed significant differences between the 3 selected groups (SM, SY, and SH). In the stepwise analysis of all measurements, 6 measurements (FA, 4D1P, EL, TL, 3MT, and CL) were selected that contributed to the best discrimination between the examined groups. The eigenvalues, canonical correlations, Wilks' lambda, and unstandardized coefficients are given in Table 4 . Scores of function 1 (X axis) and function 2 (Y axis) for the external measurements are shown in a scatter plot (Fig. 2a) . All individuals were separated into 3 groups. Statistically significant differences between designated species group centroids were evaluated using squared Mahalanobis distances (D 2 ). The classification accuracy was highest for H. pomona from Hainan Island, of which 100% (n = 32) were correctly classified as belonging to the SH group. The 2nd highest accuracy was for H. pomona from Fujian and Guangdong provinces, with 83.9% (26 of 31) correctly classified as belonging to the SM group; additionally, 83.8% (31 of 37) of H. pomona from Yunnan Province were correctly assigned to the SY group. The cross validation was 96.9%, 80.6%, and 83.8%, respectively.
Principal component analysis was performed with SPSS 20.0 based on 16 external measurements. The first 3 principal components (PC1, PC2, and PC3) explained 63.154% of the total variation (10.105; Table 5 (Fig. 3a) .
Cranial measurements.-Three measurements (ML, PL, and NW) were selected in the stepwise analysis of all measurements. The eigenvalues, canonical correlations, Wilks' lambda, and unstandardized coefficients are given in Table 4 . Scores of function 1 (X axis) and function 2 (Y axis) for the cranial measurements are shown in a scatter plot (Fig. 2b) . H. pomona from 3 regions showed significant differences and was separated into 3 groups.
For cranial measurements, the percentage of the original discriminant accuracy of the 3 regions ranged from 57.1% to 100%. The classification accuracy was highest for H. pomona from Hainan Island, of which 100% (n = 8) were correctly classified as belonging to the SH group. The 2nd highest accuracy was for H. pomona from Yunnan Province, with 75.0% (6 of 8 individuals) correctly classified as belonging to the SY group; additionally, 57.1% (8 of 14) of H. pomona from Fujian and Guangdong provinces were correctly assigned to the SM group. The cross validation was 100%, 62.5%, and 78.6%, respectively.
The results of the PCA based on 21 cranial measurements were shown in Table 5 . The first 3 principal component axes explained 27.895%, 17.311%, and 9.689% of the total variation, respectively. In the 1st component, 12 variables showed positive loading (0.857-0.460; GSL, CBL, CH, BW, ZW, ABG, C 1 -M 3 , C 1 -M 3 , ML, ONL, PL, and MAW). NSH, RW, NW, IOB, ABL, ABG, and C 1 -M 3 showed positive loading (> 0.425) in the 2nd component, and CCL, OCG, and BSL showed positive loading in the third component. The scatter plot based on the 1st and 2nd components was shown in Fig 3b. Cytb sequence data analysis.-Six different haplotypes (Hap1-Hap6) were observed from the 18 sequenced samples collected from 3 geographical regions. In the SM subregion, 8 sequenced samples shared 1 haplotype (H1), 6 sequenced samples from SY shared 3 haplotypes (H2, H3, and H4), and 4 sequenced samples from SH shared 2 haplotypes (H5 and H6; Table 1 ). These sequences were deposited in GenBank (accession nos. KJ619513, KJ623703-KJ623705, KP336273, and KP336274). All sequences had a length of 1119 bp. The uncorrected intraspecific divergences ranged from 6.0% to 8.5% in the different regions. The divergence between H5 and H6 in the SH population was 0.1%. The divergence among the 3 sampled sites in the SY subregion ranged from 0.1% to 1%. The 8 sequenced samples from SM shared 1 haplotype (H1).
COΙ sequence data analysis.-Five different haplotypes (Hap7-Hap11) were observed from 18 sequenced samples from the 3 geographical regions. The 8 sequenced samples from the SM subregion shared 1 haplotype (H7), 6 sequenced samples from SY shared 3 haplotypes (H8, H9, and H10), and 4 sequenced samples from SH shared 1 haplotype (H11; Table 1 ). These sequences were deposited in GenBank under accession numbers KP993145-KP993149. All sequences had a length of 645 bp. The sequence divergences were analyzed using MEGA 5.0. The uncorrected intraspecific divergences ranged from 5.2% to 8.0% in the different regions. The divergence among the 3 sampled sites in the SY subregion ranged from 0.2% to 0.3%. The divergence between SY and SH ranged from 7.7% to 8.0%. The divergence between SY and SM ranged from 5.2% to 5.4%. The divergence between SH and SM was 7.7%.
RAG1 sequence data analysis.-In the SM subregion, 8 sequenced samples revealed 4 haplotypes, one of which was also shared by 6 sequenced samples from the SY subregion. The divergences among the 4 haplotypes ranged from 0.1% to 0.7%. In the SH subregion, the 4 sequenced samples shared 1 haplotype. The divergence ranged from 0% to 0.8% among the 3 different regions (Appendix I).
Phylogenetic reconstruction.-The ML and BI trees constructed based on the Cytb and COΙ genes were similar in topology. Nevertheless, slight differences in several clades were observed with different node support. All adopted H. pomona individuals were grouped in a single monophyletic clade. The samples from the 3 subregions in China were clustered in distinct subclades. In the tree topologies based on the Cytb genetic data, H. pomona from SM was clustered with the samples from Guangdong of China and North Vietnam, 2 haplotypes of SH were clustered with the sample from Central Laos, and the 3 haplotypes of SY formed a single subclade (Fig. 4) . In the tree topologies based on the COΙ genetic data, H. pomona from SM was clustered with the samples from Guizhou and Guangxi of China and North Vietnam; the specimens from the 3 sites of SY were clustered with the samples from Myanmar and North Laos; and the sample from SH was clustered with the samples from East and Central Vietnam and Central Laos (Fig. 5) .
discussion
In the present study, stepwise discriminant analysis showed that all individuals separated into 3 groups in the scatter plots (Figs. 2a and 2b) . The results of PCA indicated that most variables were significantly different in terms of morphology of the samples from the 3 regions (Figs. 3a and 3b ). Based on these clearly distinct morphological characteristics, we propose that H. pomona from SM, SY, and SH probably belongs to different taxa. Animal mtDNA is maternally inherited and generally evolves more rapidly than nuclear DNA (Brown et al. 1982; Avise and Ellis 1986) . Cytb is the best-known mitochondrial gene with respect to its structure and function. Therefore, the sequences of this gene are widely used in phylogenetic studies (Degli Esposti et al. 1993 ). Bradley and Baker (2001) calculated the Cytb genetic distance values of samples within subspecific taxa of 7 genera of bats to be 0.09-2.34%; subspecies were recognized with values > 2.34%. In contrast, values exceeding 10% were thought to indicate species-level divergence. In this study, the interpopulation sequence divergences ranged from 6.0% to 8.5% among the 3 regions; however, the divergence of the samples within each region was less than 1%. Therefore, sequence divergences of H. pomona among the 3 regions reached the subspecies level. Additionally, the phylogenetic tree based on Cytb divided all H. pomona individuals into 3 subclades with high bootstrap support (100%, 98%, and 96%, respectively). The samples from SH and Central Laos clustered together, indicating that they had a close relationship. The SM population clustered with the samples from Guangdong and North Vietnam, suggesting that gene flow occurred among these sites. The SY population may represent a single subspecies based on the grouping of the 3 haplotypes into a monophyletic clade.
DNA barcodes are also proving to be useful tools for identifying genetically distinct units worthy of more intense taxonomic study (Francis et al. 2010) . In this study, the 3 geographic groups could be clearly distinguished based on the COI gene. High sequence divergence (5.2-8.0%) was observed among the 3 regions (SM, SY, and SH), whereas the divergence was only 0-0.3% within a region. This result further indicated that there might be distinct subspecies within H. pomona in China. Accordingly, phylogenetic analysis revealed that all of the H. pomona specimens were divided into 3 deeply split clades. Gene flow seemed to mainly exist in samples between SM and North Vietnam; between SY and Myanmar; and among SH, Central Vietnam, and Central Laos. Thus, H. pomona distributed in South China, Vietnam, Laos, and Myanmar might belong to 3 different taxa.
In this study, RAG1 genes were also compared and analyzed. However, there was no significant difference in sequence divergence between the samples within a region (0-0.7%) and among regions (0-0.8%). Comparing the specimens from China with those obtained from Myanmar in the study of Murray et al. (2012) , the divergence ranged from 0% to 0.8%. Furthermore, phylogenetic analysis also suggested that the RAG1 data were not very informative (data not shown). Therefore, RAG1 may not be a good molecular marker for identifying subspecies.
The morphological measurements of H. pomona from Hainan Island were smaller than those from SY and SM. Compared with a previous report (Bates and Harrison 1997) , the length of FA from SH (39.76 ± 0.55, 40.74 ± 0.75) was similar to H. p. pomona (39 ± 0.7) and less similar to H. p. gentilis (41.0 ± 1.1); the length of EL from SH (20.38 ± 1.20, 21.03 ± 0.90) was slightly larger than H. p. pomona (18.8 ± 0.3) and less than H. p. gentilis (23.3 ± 1.0); and the lengths of 3MT, 4MT, and 5MT were less than H. p. pomona (Table 2) . Qiongzhou Strait, which isolates Hainan Island from mainland China, was formed during the middle Holocene (Zhao et al. 2007 ), resulting in a unique geographic environment. To adapt to this special climate and habitat, H. pomona in Hainan Island may be evolving into a unique subspecies. Andersen (1918) named sinensis (from Fuzhou of the SM region, China) and referred it to H. gentilis as a subspecies. However, Hill et al. (1986) referred the taxa gentilis and sinensis to H. pomona. Simmons (2005) and Wilson (2008) considered that H. pomona in China belonged to H. p. sinesis. A comparison of the samples from SM with the type specimens of H. p. sinesis (Hill et al. 1986) showed that the ear length between the SM samples (22.51 ± 1.05 mm, 23.16 ± 1.19mm) and type specimens of H. p. sinesis (22.2-23.6mm) and the length of the auditory bulla between the SM samples (2.85 ± 0.14, 2.90 ± 0.19) and the type specimens of H. p. sinesis (2.97-3.13) were similar. Thus, we hypothesized that the SM population should be H. p. sinesis.
The specimens from SY exhibited greater external measurements than those from SM. The skull measurements of the SY population were shorter but higher than the SM population (Table 2 ). Many mountains and geographical barriers lie between the Min-Guang coastal subregion (SM) and the South Yunnan subregion (SY). Because the cost of transport falls slightly with increasing size, migration may be more common in larger bats (Norberg and Rayner 1987) . H. pomona with its small size might not be sustained for long distance migration. Therefore, mountains might form natural geographical barriers for different populations. The difference in climate, humidity, and altitude between SM and SY led to morphological differentiation. Specimens from southern India are referred to H. p. pomona, specimens from northern India and northern Myanmar are referred to H. p. gentilis (Bates and Harrison 1997) , and Douangboubpha et al. (2010) referred all specimens from Thailand to H. p. gentilis. Comparisons between measurements from the SY, Thailand, and India populations showed that H. pomona from SY had larger external and skull measurements than H. p. pomona and was somewhat similar to H. p. gentilis in some variables (Table 2) . Moreover, the ear length of the SY samples (23.54 ± 0.82, 23.88 ± 1.10) was inconsistent with the type specimens of H. p. gentilis (20.1-22.9 mm) in the study by Hill et al. (1986) . No reports of molecular sequences from Thailand or India are available at present. However, based on the molecular phylogenetic analysis in this study, the SY and northern Myanmar populations have a close relationship. Therefore, we preliminarily deduced that H. pomona from SY was more similar to H. p. gentilis. In conclusion, further comprehensive comparisons and analyses are necessary, and more research on H. pomona throughout its distribution range is needed to fully clarify its taxonomy.
